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* afiS5ffi36^ t» $ * flt^iifi ixx ^ A T' a& o r . 

L HiJSBm 1 Hmmm ^ m 2 Mjtats^ ^ c <t 
fig L/ca^^ Htissm 1 MMi^^T^ c ^*$m^-r>5 
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mM^immmtzmw^^mLx. ^^mm^±mi.. 
nimt^mtzi^mm^^L^x^ tSL^x^±m.ri>:it^n 

20 «fcs-5L>r, BfriB^^cof'v h^3K^e^Lr. la^ 

Wzs^ifr ^ ^^^—zf)i^ ^ ^ A^ i: 4r)SBis u r ^3 y . 
e^UlT"— :7;u.tl^— olE^x— :^;^^fe^A^l:^l^1S 

Htissm 1 ±fi£^is:(*. iin^iiDit^<tm?if^m3i^i]Dti 
50 MKm2±fi£^^(i. fjsemsi^iiDm^^i^-cDmA^^ 
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^fii^±fi£L. iniEmi p?a^il<^B^Ii^m2g§^itIi:A<- 
^ummmmt. wifzw-izizft^x^ ±f&^Hf:imu^ 
(Dit^^mmiz. mf^-:f5[^fmwl^m\^XttiitRm^mm 

SijcDis^tiffiic. mu-:^\^\km^^mi^xmum2m 
:xlz-:^[&^fm^^mi^xm^mmm^m. suKBt^^c 

m^:z^n. BJJt5ffi^:ScicfJ8E-:^raitig§IS^]6£Lrm 
nr^m^iz. m^m^:$^itwi^w-:$i:iz-^r^t¥m 
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HtIiaBf-^:Jclc. mEBt^T^urTUXAOig^^-efe^^ 

HtigBS[-^^^ti^3^u:m 2 nis^mmzwiW^i^^u<Di& 
10 ^\z-'^J^\^m^^1^\^xm^m^m.^n. ^^un^-x 
2g^^^l^^#. HtiiBm2gi^fii<tHtisami g5^fii<tA<- 
y^AT-feor. 

BfiSE^ fc Bf-^ ;u =r 'J X A ^ iss L r Bt^ijt ^ ±^ 

fjem 1 W*Dlt«i: 1^-0)^ 2 <^*lH««l^±RE-r 4^2 
^^XT^-y 

BtriBBt-^l^lc. Hi5SHBf-^r;u=rUXA(Df8*^^7?fe^^ 
^T^UrfU XA^JSUrm^^^lfffi^^fiJtr^m-^X 
^•y:;^«t. 

^ ^ tr c ^ ^ -r ^ Bt^ilfl p ^ Ao 

40 :ztz-:f5\^\^m^^mLxm^m^m^m. BnsBB&-^:s: 

2||^<il^^§. HniSm2Bl^iil<tmlgsmi M^iil 
-r ^ »I ^ S A > ^ ^ fiJt $ tL ^ at ^ ii it V X A -c ffl t N 

tt. i3|fSXT^>y:7*<t«{SXT^'y ^^t^Bt-^ilfg^^'P 
-^^^ A ^ISIt L r t N^ z] > tf ^->$» St-J^lSl tj BjtE^f gg^ 

50 Bni£iMftxi^'y3^''(±. Bnsaiti§i^ST'fflL>b;a. itiES 



> 
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■r^m^fc. Hn8E«^3c(*B58B^:S:fc-Sfct- ^^t^iJSft- 
BfisBm 1 i^Aoitffi <t (^-(om 2 f^Aoit« ^±fiE-r ^ m 2 

r ; u g X A ^ S£ L T ^^*S^tg« i> W.^^ 

Co o o 1 ] 
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[00023 

[000 3] m^-^^o^izit^ lEmco^^m^mi^x 

10 (om^m^mi^x±i^L.f-ntits.m^:si:{:zm^7 X 
A^mi^xm^x^^mr^m^iz^ w-:xtm^:xtt< 

[00 04] -bEffi^KyA<f6±L^#>5et^:&5EC(0-«iJ 

20 —^tLxmi^x. w-:$c^m^itLxm^-$:^±fSti.. 
m^m^mi^x. m^s:^m^Lxm^:$c^±fS,r^. 
c(D:^ie(*. ^^^/^^j^—'^tLxmi^xm^it-r^ 

[000 5] UtS. NTRUBt^^xCfCOt>r(*. Jeff 
rey Hoffstein, Jill Pipher, andJoseph H. SI Iverma 
n, "NTRU: A ring based pub I ic key cryptosystem" ,L 
ecture Notes in Cbmpuier Science, 1423, pp. 267-28 
8,Springer-Verlas. 1998. f^PU < i^-<^>^^rt^^„ N 

T Rum^:^^i^mi^^m^^myj^xit. m^:zt)<w- 
[0 0 0 6] m^m^) ±f&(omm^f&^ri>tztb 

1 X r 2 . • • • . r „ ^/'S^^— -5 «!: Lrffll> 
40 T. ^Xm^Bt'^'IbL. n^a<7)BS-^:5Cc 1 . c ^ , 
• • • . c „ ^^fiJc'^^o 
Co O O 7] 

c 3^ = E (m^ Kp . r ^ ) 
c 2 = E (m^ K p ^ r 2 ) 

c „ = E (m. K p ^ r „ ) 

CC-e, C = E (M. K. R) li. Bt-^SlK^fflLxr. 

0&-^:ft:c ^^fi5c-r ^ C <?: ^Tj^f o 
50 [0 0 0 83 ^fiiz. Bt^^sri. :£fiJcLfcBf-^:S?:c 
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c 2^ ■ " • s c „ ^ffi-^L^ ffi-^Xm' 1 * m' 
2 * * * * V m' „ ^l#^>o 
[O O O 9] 
m* = D (c * Ks) 

m*2 ==D(c2 ^Ks) 

m' ^ =D (c„ . Ks) 

coo 10] :i(7)et-l^ismvx^A(cj:^<t. ^-^ggy 
i:^:5c^Bt^^bLfc^S^(O0f^:^^i^m-r^>(OT?. Bt^ 

c 3^ =E (m* Kp. r ^ ) 
c 2 — E (nr>* Kp. r 2 ) 

c „ = E (m. K p ^ r „ ) 

(On^il(Og|^3^xe3b^t>^:S:m-\?>aiSEr [1] . r [2] , 
• • r [n] fc||^^1ta;&<^H#lcilg;h.^35tL6< 

&>5i6M^T'&^o dCOCir^^JfflLfcBt-^iA?!;*^. Mu 

Ittple Transmission Attack^: b"'9o 
[001 1] Iit*:6«lfc(±. ^^fiSy(0«^L4#^Bt-^:^ 

it(Ol OT'fe'5)NTRUBt^:^xt^fflt^r. ±|H^-^gS 

C(0?iC»ircotxTtt. Jeff rey Hoff stein. Jill Piph 
er, and Joseph H. Silverman, "NTRU: A rins based p 

ub I i c key c rypt osyst em" , Lect u re Not es i n Comput e r 
Science, 1423, pp. 267-288, Springer-Verlas, 1998 

Coo 1 2] m±lft^Lf-cfc^fC. ^^m^ iZ^l^X 

i^^m2) ^t-. nm2 000-21 677 3-%'a>^ 
coo 1 3} mmcDmmmvit. Bf^cDysviy^m^m 
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(0/N *>ifi|^^ai Lt-/N i^ifil^fi£T;u=f y it 

i^cr^L-zfy XAfCcfe y H^ISH^^:s:6^^m2(0/^^y t^o. 
fii^Brriam2(0/\*v^^3-ii<»:A<-ifc-r'5it^fc. mtzm 

Co O 1 4] 

10 ^^±fcig(t^ c <t (iffiHT-fe y . m^t$im^ y 1 5^ ^ 

^C^±tt(OAL^Bt-^ii^IvX^AA<^li$ttrc^^p 
fg^(*. -h8B(O^Mfc^r&-r>5fcAfc. $brc$±t±<0 
;€^l^Bt^ilf3ixXi'A. iHIS^S. 5S^€^S. B&^ii^ 

^ ^ ^ C <i: i& B W <!: -r ^ o 
Co O 1 5] 

Htil5m-^:scfCflUgs-;^ra]t4g|^^j^UTm2 
mJlsm2||^i{I<!:mIKmi 

^ S m ^ iS A ^ ^ IS fife $ n Bt iHg ^ A r o T . 

mfR^:z^xj^w5um^niximmiz-^i&^M^mLx^ ^ 

-(Om2<^J!nie«^^fi£r'5m2^J5£^|ft<t, mllBBt^ 

:Jtfc. BfJIHef-^T^u^-y XA(OiS*^gir'&^|g-^T;uzf 
yXA^j6£Lr^-^^^m«^±fife^^a^^e<t. m 

m^fiSLT. ^ifiRri^>15m^lfti:$^tr 
Co 01 6] ccr-. Hnsemi ^R£^ias:i>*BniBm2^ 

40 :R0^m2M*Pt8«i^^fiJc^^J:^fctifi£LrtJ:tV C 
CT% mjgsm 1 ^/St^lgf*. ^fiJtLfcHniB^l ^^Ad^^ 

^SL, s(§LfcBHiBmif^ttim«[^ig2M*DW«<t-r^ 

J:olzmm.LXt<kl\ 
[001 7] CCr% HtjSam 1 ^^RJtLfcBlJ 

lami ^^^mti^icBt^T^uzfy XA^JteLT. Bf-^lbi^ 

Bf-^T^uzf y XM<(Distmt^xh^m^T)i^zi*j XMs^m 
50 Lx. i^iDiwaii^^fijtL. ±m{^tzi^immm^m2nim 
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[0 0 1 8] ccT. H?iiBm 1 ^fiJt^s(*. ais^^fig 

±fi!cr ^ cfc ^ fcmiie L -c t t >o 

[o o 2 1 ] cc:r% mrSBpTiS^Sc^Stt. inSBmi 
tots^fc^cs-r :7*;u ^ ^ ^ A^ i: (S^gHti L r ?3 

fiJc-r -5 J: ^ «fij£ L T J: I ^o 

Coo 2 2] cc-e. fj|Siim^S(*. w-:$c^m^itL 

L. ^(D^fzfiig. wif^mmm^i^. mf^^w-:si:tm-<D 
^:z^m^itLxm^:$c^±f^Lx^inL. lagas^i^ 
mfs,m^:z^^mL. ^m\^t-m^-x^'i^^Lx 
m^:z^±m-r^m'^izisi^x. mi^m^±f&^m^. 
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mtzviu-sa^mway^mm^mi^x. i$L^:si:^±mr^ 

[GO 2 3] ccr% mlffiiiim^Sr*. MIB^lSCfcft;^ 

LTflnEmig^stfii^^fiJcL. btiks<i^s(*. mum 

:^fpl14§^i»^J5IILTlil8Bm2||ISfi|^^l«L. flUSSm 1 

10 gl^^i<tHfIS^m2g|^^l<?:*<-^k-r'6A^S35^^J^aJBT^^ 

^^mm^±^L. -mu^m^Wiit. HniB^^tfcft;^ 
^m\^xmum^m^m^±f^{^. m^siism^it. $ 

^iz^ ±fil^ntzmfS.m^:Ziz^ B5E»J<DRri2IEMi^)5S 
20 :&rPl14BISa^JfiL-CBtrlEm2g|!!afil^^i5RL. Mffilgl 
[O O 2 5] 

im^(omm<omm} i . Bt-^ii{Si>x^A i 

A1 fCOUN-CItt^^^, 
1. 1 Bt^iif3*>Xi^Al C0^|« 

:^it f:i fcMt ^ ^-^i^ y ^ai A< nTtfe ^ ^ X A 

30 y . s 1 iZTT^-r^ ^ fc. iHft^s 1 0 1 silisis 2 o ^ 

A^t,1i^$tt. i^fSS^Si 0^Si3l3IS2 0<ttt. ^> 

^— h3 o^iti^xmrn^tixi'^^^ 

CO 02 6] B&-^iHgi>XT-A 1 ^-^ggy^&^ig^L 
^#>5Bt■^:^xta)— <9J«t Lr. NTRUBt-^:^it^ffltN 

l/fa^@(D±fiE:&?4lcot>rr*. Jeffrey Hoff stein, J 
ill Pipher, and Joseph H. Silverman, "NTRU: A ring 
based pub I i c key c rypt osyst em" , Lect u re Noi es i nC 
omptrter Science, 1423, PP.267-288,Springer-Verlag, 
40 1998Jcl¥L<i^-<i^4xri>^o 

Co 0 2 7] i^fg^si Of*. ^46S^tiLrt^^^:^^c 
N T R uBt-^:^xtiCck >6Bt-^r ;u=f y xa Lxm^ 
X^^^L^ ±n!tLfcBt^:st$SfI^S2 o-vi2l(S-r 

fCN T RUB&-^:^xefCj:'5ffi-^T;U=f y XA^figLXm 

1 . 2 i^es^fii o(omm 

i^^g^S 1 0 :^:s:E1t6iJ 10 1, Hlmmm±m^ 1 
o 2 . If ^f^-^su 1 o 3 . -:^r^tiP^gf5 1 o 4 . m^- 
50 itfiPi 0 5^i;iimgpi oGt^ibmfiZ^H^. mm^m. 
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-9-. ROM. RAM. /\— K-x-fX^ZLn-y 
«iiiJc3Ftt^zi>tfiL — -$1 vXi^AT-fc-So mlS2RAMX 

[0 0 2 8] (1) ^XffilSfiPl 0 1 

^:Sz:l5tiSPi o 1 (*. ^<ft^:S!:m^gB1Surt^^,o 
( 2 ) ftttimffi^nstfip 1 o 2 

M-Jtaltai^^ffl 1 O 2(*. ^ir>^i6^ttf-f'y hSE r L 
e n(D:^^(Dft^-efe^f^*lHt^Ra^±fiJtL. ^J«L 

fci^ADlt^Ra^m^f^toSPi 0 3-vai;^-r^o 
C o o 2 9 ] ( 3 ) mmnimB i o a 

mmnmm i o 3 ^^tiEitffl 1 o 1 A^^,2pxm^s^ 

^tiiL. ft*n1f^^J*ffln o 2 6>p>f^An^^R a ^git 
IS -So It^fttofiPi 03 I*. ^^ii^l.tzW--Xmt 

S(tlSofcft*Dm«Ra^^|g^LT. ^iSCmfCf+ADlf 
^R a ^t^'V h^^Lfc^^-Ci5»^|g^mffiF (m. R 
a) =m I I Ra^^tiiT^o 

[00 3 0] c^-c. mn=i- r I I J h^s^^ 

fe^o <5IJ^(*. m= 10. rLen = 5. Ra=7<5:-r 
^t. ^iStmCOe-y h^ll^^f* ri O 1 OJ . S^F r L 
e n(D#*OlS«R a(Df'V h^lJ^^tt To O 1 1 1 J ^ 
ni:^(?)T% e^y h^^L/c^mf*. TioiOOOII 
1J tU^J. C;K(i+3i^Tr3 2 7r'35^o 

[ o o 3 1 ] ;:fefc. 1««M*D«P 1 o 3 (*. ±jifeLf-ie^ 

W«lF (m. Ra) ^Bt^^bfiP 1 O S^ai^-T^o 

(4) —y^^\^m^^^ 0 4 

-:&fRittg|iafiPi o 41*. ^ir>-:^fq]i±p^<h Lr/N^y 
[0 0 3 2] ccT?. -:fii^\±m^ti^. Xti^M-m 

^T'feSo */c. CCT*fflt^^/^'y^>ILg^lShl*. 

cDfiih (m) t-^ih^^xmom^m^^tt^mmv^^j^ 

(D^^. SUSH. 1 9 9 7. 5 6 ^ — v^liu: 1 8 9- 

[0033] -:^rattg|f»fip 1 O 4 ^iJCSBtiSp 1 o 

m^hizj:^mu^mLxmm]^h (m) ^^rkl. :i 
fiELfcg^fSifiih (m) ^ii^ifiui oe^as^-r^o 
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(5) m^itm^ o 5 

m^it^ 1 o 5(*. a^^fiKsn 1051. Bt-^iig£tt8p 
^« 

[00 3 4] (Bt^filSBlSfiP 1 05 2) B&-^fii8BtSSP 1 

(atst^fijtsn 1 o 5 1 ) aia±i?£fip 1 o 5 1 1*. -<5ii<t 

LT. Cm8§<D^-r:?^'J§itaT'fc'5 r a n d ( ) ^ 

10 fiP 1 o 5 3^ai^-r^o 

[0035] m^itm^m 1053) m^itm^^ 1 

0 5 3(*. ^if)NTRUBff-^^xC(D0t-^T;UzfUXA^ 

^ ur at^^bKSffesp 1 o 5 3 (*. mminfMim 1 o 3 

A^^^^^t^F (m. Ra) ^SlfBSy. SLIS^fiJcSP 1 
O 5 1 A^t>ai3I r ^S<tlSy. Bt^filgBttSPl O 5 2 A^ 

[0 0 3 6] ;:fefc. P&^<bglSi«Bi 0 5 3i*. Sctisio 

SltlSofc^^m^F (m. Ra) fCmJgSBf^T^bzf 'J 
20 ;<ix^)5!gLr. Bt^^bS^1f«E (F (m. Ra) , K 

P. r) ^^fiEL. ±f^Ltzm^it^^mmB cf 

Cm. Ra) . Kp. r) ^iM<ISP 1 O 6 ^Hi^-T 

(6) iniisn 1 o 6 

iHmfiPl 0 6(*. at^^bJg^WaE (F (m. Ra) . 

Kp. r) <h. m^mh (m) <t^g<tiay^ ^(tgso 

fcBt-^^b^^m^E (F (m. Ra) . Kp. r) t. 

m^mh (m) >^ — :t^^y i-so^iTLxmn^ 

fi2o-.^{g-r*o 

[0 0 3 7] 1. 3 ^mmm^oomm 
30 sfi^s 2 o (±. sfiffl5 2 o 1 . m^^bsp 2 o 2 . mm 

BSJt*«P2 0 3. -:*rait«feMISE«P2 0 4. J±IS«P2 0 5. 
«^5CE1Sffl5 2 O 6&D:tfc«S<S^8E1t«P2 O 7A^f,S|fi£ 
^tL-S, SfI^S2 0f*. iMfS^Si ot 

Co O 3 8] ( 1 ) SfSfiP2 O 1 
SfSSP2 O 1 (i. i^^lS^Sl OA>t»-<>'Si— :^'y h3 O 
^^ThLT. 0&-^^blS^m^E (F (m. Ra) . Kp. 
r) tm^mh (m) <t^SmL. gilLfcBt-^^blS^ 
1t®E (F (m. Ra) . Kp. r) ^ifi^^bfilJ 2 O 2 
40 --tii^L. S^gLfcgllSfilh (m) ^lt^fiP2 O 5--a3 

[0 0 3 9] (2) ^-^^bfi152 0 2 

^^itU 2 O 2 (*. {a-^HEtiffll 2 o 2 1 ZtD:S-^<bBI 

^§P2 O 2 2A^^,mfiJc$tt^o 

(ffi-^sisam§P2 0 2 1 ) m#^8stsaj2 0211*. ^ 
[ o o 4 o ] (ffi#^bgiisap 2210) m^itm^m 2 

2 1 01*. 0t-^^tgliftSii 1 0 5 aA^^T-sas-^T^uzfj 

50 >5o ^-^^b^^gi5 2 2 1 0(*. ^in^2 O 1 t^i^m^it 
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iS^1f«[E (F (m. Ra) . Kp, r) ^Sl+BSy, 

^^SI8SfISP2 O 2 1 t^ihm^MK s 

[004 1] m^itm^m 22101*. ^^i^ttj l 

(F (m. Ra) . Kp. r) fllBnSHffi-^T^Urf U 

^mLx. m^t^^mmo ce cf cm. Ra) . k 
p. r) . Ks) ^^fi£L. ±f&Ltzm^^^mmo 

(E (F (m. Ra) . Kp. r) . Ks) $tf«iBife* 
aP2 2 5 O^ih^-t^o 

Co 0 4 2] (3) mm^^^2 O 3 
m^K^^fiP 2 0 3{*. ^abe-y r L e n ^gSltLT 
l^^o If «K^*fflJ 2 O 3 (i. ^g^^bffl52 O 2A>ibffi^e 
^m«lD (E (F (m, Ra). Kp. r)). Ks) 

^^i+isy. sitiSjofc^^is^m^D (e (f (m. 

Ra). Kp. r)). Ks) (0^mt^h>^^:^ r L 

L. ±f&Lfzm^Xrr,' ^-;^fpH4g|^gP2 O 4-^ti5;^ 
C0043] (4) -:^rRH4g|^gP2 O 4 

-:^iRii:tg^^ffl52 0 4r*. -:^fSitig^^S!5 1 o4j6<^u 
i||!&hfr.fc^>ieS^)56Lr§IISfiIh (m' ) ^±fSt 

[0044] (5) ltlS8P205 
it|gfflJ2 0 5(*. Sig«P2 O 1 ANt>BiSlfiIh (m) t^ft 
l+iay. -*|filttg|iaEfiB2 0 4ANt,g|33EfiIh (m* ) ^ 

sitBs^o ;*jfc. itis^fip 2 o 5 (*. m^mh (m) <hgi 

j = 1 <t -S[L/d:lMt^fc(i. tfciitSm j = 0 <i:r 

^xi:i. ±^Lfzitm^m j ^tbigtism8EiteiJ2 o 7 

[ O O 4 5 ] ( 6 ) ^-^iSCKtSSP 2 0 6 
m^^lBttSP2 o 6(*. |g^:S:^8E1S-r^/i*>(D^J|It^ 

( 7 ) ItlSlg^gBISSB 2 O 7 

itmmmts,m^2 o 7 itig^ism j assist- 

1 . 4 il^ilS^Sl 0(7)ifi<t 

iiiSSISi oa)®i<tfcoi>r. ii4~E!5rz7j^-r:7P— 

[0 0 4 6] f^ilDlt^^fiJcSH 1 O 2 I*. i^^lDtS^Ra^ 
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*-r^ (xi^«y3^s 1 o 1 ) o Mz^ mm^imm i o a 

^:SCSetiSni O 1 *^^^:$Cm^^<?>£±iL CX^-y^?" 
S 1 O 2) . #*Dti8lit*«fiU 1 O 2^^<^,f^^]Pm^R a ^ 

sitisy (xt^'v:^si 0 3) . si(^aiUfc^:stm<tS: 

l+Blofcf^JlDlSaRa (t^iS^Lr. IS^ItSlF (m. 

Ra) ^^fiJcLs :±fiJcLfcig^fi|^F (m. Ra) ^Bt 
-^^bSPl O 5'-^ai:t|-r>& (XT^y^'^S 1 0 4) o 

[ o o 4 7 ] Bt-^lbSP 1 o 5 tt. IS^m«lF 

(m. Ra) $SJ+Wiy. SCtlSofclS^lt^F (m. 

10 Ra) izm^TJi^^'^j XAB^m\^xm^iti^^mm.B 

(F (m. Ra) . Kp. r) ^^fi£L (X^-y^^SI 
0 5) . ±fSiLt-m^itt^^fSmB (F (m. Ra) . 
Kp. r) ^il^igSPI O 6-^ti3*-r^ (X^*v:fS10 

6) o 

Coo 4 8] — :^roiiig|gftfiu 1 o 4 tt. ^xiaim 

1 O 1 A^«b^:!tm^Sg<i^aiL (Xt^'V^^S 1 O 7) . 

m^mLtz3;^:Xmtz/\ V i> igaia h rcj: jss^ss l r 

Bl^filh (m) ^^fiJtL (Xi^^y:7^S 10 8). ±figL 

fcgi^filh (m) ^ill^SPi o 6->^a3:d^-5 (.y^n- v-J 

20 S 1 O 9 ) o iifeiSfiP 1 O 6 f*. B&^<biS^1taiE ( F 

(m. Ra) . Kp. r) <t . P^filh (m) <t^«lt 
55 Sl+15ofcBt^ib^^1f#lE (F (m. Ra) . 
Kp. r) P^filh (m) <t^'l'>5'-^-^V h3 O 
^^LrS<t^S2 O-viUfg-r-S (Xir*vz/S1 1 

O) . 

[0 0 4 9] 1. 5 SilS^S2 0<DS&i^ 
«iS3£fi2 OOaflf^fCOtNT. E6fC^-r3?P— 
K?&fflLxrltt^-r^o SfS«P2 0 1 li. Jil«S5Sl OAn 

^-r :^^v h3 o^^n^LT. Bf-^^b^^m^E (f 

30 (m. Ra) . Kp. r) «tg|gftilh (m) <t^SfgL 
(X^^y^fS 15 1). SfSLfcPff^ibtS^ISfflE (F 
(m. Ra) . Kp. r) ^^-^^bffl5 2 O 2 ^ffi* L. 
S^IUfcP^Mh (m) t:\icMM2 0^-^}^-h^^ (X 
i^*y ^'"S 1 5 2) o 
[0 0 5 0] S[^^b«P2 0 2(*. Bt^iblS^mfflE (F 
(m. Ra) . Kp. r) ^3ftl+lfty. g«tlSofcflt-^ 
^bJS^m^E (F (m. Ra) . Kp. r) fC^-^TVU 
3y XAD^j5SLT^-l-iS#m«lD (E (F (m. R 
a) . Kp. r ) ) ^^l5JtL (X^»y >^^S 1 5 3) . « 
40 -^^^m^D (E (F (m. Ra) . Kp. r) ) ^If 
m^^U2 0Z-^^ti~t^ C^^^y^SI 54) o 
[005 1] It^I^^SP 2 O 3 (i. m-^^^tmo ( E 
(F (m. Ra) . Kp. r) ) t^gltlSy. gCtUlo 
fc^-^IS^ItSlD (E (F (m. Ra) . Kp. r) ) 
A^i^f^Anlt^R a ^I^^LT. ^^:SCm' ^^/iJtL (X 

^^y:7'si 5 5) . ±fiJcL/r^^:Sz:m' ^-:^\^\±m^ 

fflJ2 O 4-vtiS:^3L. ±REL/c^^5Cm' ^^-^iSCKISfflJ 

2 O e^S^ii^t,- (X^-y ^'''S 15 6), 
[0 0 5 2] -y5i^\^m^m2 O Alt. m^:$2:m' 
50 ftiay, Sl-tlSofc^-^lSCm' fc/N'y v3.p^h(Ccfc'5> 
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;15S^JfiLTglSSfiIh (m' ) ^±f&L. ^BELfriltSa 
filh (m* ) ^ltKcSP2 o 5--^tB;br^ (x^^y:7°si 

5 7) „ tbilxSP 2 O 5 (*. g^iafilh (m) ili^filh 
(m' ) ^^gltaiy. SItlS-DfcllSlfilh (m) <hg| 

'y:^S 1 5 8) o 

[0 0 5 3] 1. 6 mt^mmi^^if^^wii^mmt^ 

«siS2O(0it«^a5 2 o 5A<tts*-rsjtig^iem j a<i <t 
^f<b5S^i*. fin*,. sfs^S2o<o-:^fPittgi!si«p2o 

4fCj:or^R^^n/r h (m' ) iHlt^g 1 0(0- 
:^lRl1±g|^a3l O 4lC<k-oT^iUc^ttfch (m) 

my^<^^^mmit. ^^o^oi^u^. -:f5\&i\m^n^ 

0 4^iD:— :^fa]i4P^g|52 o 4fcj3c>r. ke^vh(D/\ 

45.D:-:^fRJl4g^^S!52 O 4Tfflt^^n'&/^^y v^aP^ 
^SHA- A t-^^L^. S H A- 1 1 6 O e >V K(D 

y ^ «iai -r * c <t ^ ^ *t t > ^ ^ o 
h:g^-:^ifijtti^siapi o 4A<ai*-r^»/N*y->3.iS(Dt' 

[0 0 5 7] m^it. /N^y V3.K?afCS H A- 1 

1 6 o t'^y hJii±<7)t(OA<^;h;h.'2>c<tA<^t>(Or% c 
[0 0 5 8] -^i^iz. ^±1:ilcoiNT(i. /N-yv^^^^ 
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<fc "P^Mult iple Trar>smission Attackf^Jt LT* ^HSfe 
[0 0 5 9] ^fc. 4*3fettmrcj:<bi:. ^iSC^-eCD^* 

Bt-^^buriii«Lrt>^(D-e. ae#6^^,(Olfi2l^*^c 
10 n&cr. iMft#j&<i^i:^3i:^Bf^^bLr^fiJcL/cP&-^5c 

Mul t ip le Transmi ssion 
At tack tmt:ilX^^ 
[0 0 6 0] CHfc5ttL. *3lfifi<7>l^^rc^^i:. il^S 
l5rcf?tJ!ii1t«Ra^S/j:^W^fcS9:^-e^«>(D-e. S« 

20 xiiS(OlaSlgm>'<j:y. ^ = $(^. Multiple 

Transmission Attack ^iSfflt'^ 

[o o 6 1 ] ^fc. siiKa)teitSMA<ist>fc^s6fc. a 
Jt^r-^oTt. -hsa^ti^lifcLr. 5c<7>2ps:i:ia-^s: 

2. S^}^^ 

[0 0 6 2] 2. 1 f^*PlW^C0^ff^<5lJ 

30 Bt-^ilii'>x^A 1 (c*3t>r. <^*nffif«^fiJc«p 1 o 2 
(*. a^^i[r*&^<^JIPlf«Ra^^fiK■r^>i:LTL^'SA^ 

f^tolt^^fiJcSP 1 O 2;E)^±filcr^^^ADti^(*. 

[006 3] ^^ixX^V^^'ISffiC*. <^*Pm«l^liEfiP 1 

(*. B#. ^'i^t^i^mi^^tl^m 

[0 0 6 4] 2. 2 ^^m#F (m. Ra) ^ajCOBE 

::S:m^<^^)Dm^R a <t ^^^Lr. IS^ti^F (m. R 
a) =m ! I Ra ^mai-r^<i:LrC^'6A<. ^£±3:^;^ 

[0 0 6 5] Bn«amtiJ:^;i^^<J^r. -^(7)^t!l(DHtli;^;i 

50 ^jaTr::^To ti^i^^aj2 o3^z^st^T. *s^ti^A> 
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( 1 ) mtli^?^ 1 

iS^ISaiF (m. R a ) =m | | R a 

ccT'. r I I J (i, t'^y htg^^^-To (C(D»ai:^ 

^>o ) 

le^lfSlF (m. R a) =R a I I LTtcfe 

l\ 

[0 0 6 6] ^fc. ^:SCm^4 e^V h-rO(D^t^^ila)gl5 

[O O 6 7] (2) mffi^;*2 
^^IfffiF (m. Ra) =m ( + ) Ra 

ccT% r (+) j (i, ^ffea<]iiii«i^^s^o is> 

m^^Cm' =|e^m«lF ( + ) Ra 

(3) mai:^;4 3 

iS^m^F (m. Ra) =m+Ra 

[CO 6 8] ^-^iSCm' =IS^1S^F-Ra 

(4) mtti:^;i4 

Ig^WffiF (m. Ra)=mxRa mod p 
[0 0 6 9] 

ffi^Xm' =je^1tffiF/Ra mod p 

(5) 

l^-^mmF (m. Ra) =BitPerm [Ra] (m) 
CCr% BitPerm [Ra] (m) (i. R a (cS':Jt>r. 

(5 - 1 ) ^tli:^;£5 - 1 

(^) iSSl|iJcom= riiiiooooiiiiooo 

oj $i:L. Ra = 3 (1 omn^m) t-r^t. 

^C7)m= riooOOl 1 1 100001 1 1J ttji 

[007 1] zzr-. je:^|p](7>tf'y hP— ^— Lr 

F^. Rat''yHy£«t. i^I^lSl^e^y hP— 7— h$-t± 
(5-2) S[aS^;45-2 
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[0 0 7 2] ((59) Ra^l 2 8tf'y \-^t'r^. Ra 
y viJ-PIS^SSUT. 1 6 e^y h:^(D/N^y v-n-fil^ 
^#>5a 'jJifc. ®[tii:^;i5- 1 -fettle . 
^yvj-filfflt. m^e-y ha— 7"— h^^lJr-So ^f-. iS* 

UXAI::J:yiS^^^o mt^^^^<l:. R a ^A;tifil<t 

[GO 7 3] (^) Ra^l 2 8f'y hfii-r^o Ra 
10 fc/N-yv'ZLl^gJi^figLT. 1 6 t'-y h:g(0/\*y->zLfii^ 

'y'>ifilf£(t. IS^^fffiF^iS»:&rBlfcf^y hP-7^-h 
(5-3) mtH:^;i5-3 

m^4if'y h-rofcEtti'pr^s^cDSP^i'msi^^fiJtr 

[CO 7 4) ;z:iT% S^T^— 3?*;K*. 4 t'-y hfD^m 
fje-y h5iJ<t?4F&-r^4 t'^y h(7)^}&^t''y h^JlitAN^ 

20 u^m^. 1 effii^t,^ fe^fii n J ) iDR 

afc^ftcs-f^S^T^— :?;ufc*5L>r. 1 e-liKoi^J^B^tf 
•y h^iK*. rooooj. roooij, rooi 
OJ . • • • . r 1 1 1 OJ jSlU r 1 1 1 1 j -efe'So 
Cttt»rr^4P5^^ 1 6<i<Dl!!^^e'y r i i i 

ij. riiioj. riioij. roGo 
1 J JSlU ro o o o j Tffe^o 

[GG7 5] ^fz. mom m^it. r2J ) ORalZ 

Jijic^tPSf -6 1 e^Ko^J^^fy h5iJ(*. rill 
30 riiioj. riioij. TOGO 

Oj ScU rGOOIJ T'fe^o ClCDcfc^fC. RatDfilrz 
[0 0 7 6] IS^m^F ^4 tf^y h-TofcE^oTlSIS 

R a (c>tP5-r ^ Atiti^i 4 tf -y hOSSi^— :/;u$ffli> 

(6) 

<S^m«F (m. Ra) =Ta b [Ra] (m) 
40 -CT% Tab [Ra] (m) f*. m^^^T^— 3f;UT 
a bfC^J^or|f^-r^C<t ^n^fo 

[0 0 7 7] (5IJx.l#. mA<8 e-y h:g(7)*i^. R a (Dil 
SfC. <5II^(#. S7fC7K-r<fc'p3ti:^J^7^— :7*;UT a b ^ 

sstiurfc^. m^^^-yji^T abiz^-DX. mcom^ 
h(Dm^nitn\ftzm^2 eem^^tr. m^it. m= 

[0 0 7 8] ^fz. i&(D^mt. '<X0m^)x&^o 
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^m^m^ o^:S«3^a2o<h^c^sl^r. nimmm^^ 
[o o 7 9] (1)^1 omm 

O b35^^«|^$tL^>« 

tooeo] iHigSSi 0b5tu:ftmiS®2 0bi*. ^ 

ux. i^esisi oxoJaisse2o<t<7)*gia,^$*ic> 
<!: LT8ft?g-r'6o iUffii^a 1 o b (*. ^t>rc. i^ssapi 
o 7 ^^ig^rt^>5)o ^fc. iHfisi® 1 o b r*. Himmm 
±mm 1 o 2 /cft^r . f^iiDtg^^fijcSp 1 o 2 b ^<js^ 
rt>^o SfgSSS2 o b(*. i^^«J2o 

8S:r>M^APm^±fiJcSP2 O 9^^fS;^rt^^o I^^SP 1 O 
[008 1] i^^fflll 0 7(±. aiStXR^^fi^L, ^fie 

O2'^ai*-r^o nisi^m±mm^ o2{*. mmm^ o 
76^<bailtxR^al+ISly. Sl+u^ofcatftxR^ffll^ 

mntn^i oa^as^-T'So cc-c. u^xR^mi^x 

0 2tt, a^xR^-t<D$*#*om«Ra<fr^o 

[0 0 8 2] I^^SP2 0 8(*. ^ffllEJ^4 0b^^L 

T. -f^Aoit^xR^sitssy. ^orm-otznimmmxR 

0 9(*. l^^fin2 0 86M^SLI5XR^3il+B5y. SI+UI 
ofcaiSX R^ffll^T. ^i-ttlti^R a ^^fiJcL. :tfiStL 
fci^ADm^Ra^1f^Mi*gP2 0 3-^£ti;br^o CC 
r% Sll3rXR^fflL>TM*om«Ra^^/|g-r-5)-filJ^L 
-C. ^^Anm^^iiScSP 2 O 9 I*. ^^XR^^<D^^niSi 

mmR a <t^^o 

[ O O 8 3 ] (Bt-^iUlvX^A 1 b (7)t!]<t) Bt-^iiil 

•>x^Ai b(D®!]<*(cot\r. l2l9f-7F'r:7P— T•v— 
[0 0 8 4] I^^SIJI 0 7I*. SLSSXR^^fifeL C^i^ 
'y3'''S20l) . :tRJtLf-^l^X R^«fffllEl^S4 O b ^ 

^Lri^ssfin2 o 8-Ntjb:ti-r^ (xT y^"s 2 0 2) „ 

^fc. :*RJcLfca^XR^f^Anm^^fi£ei5l 0 2-Niii;tl 



20 



(X7^»y:^S 2 0 3) o frf ADW^^fifefiP 1 O 2 (*. 

i^^^i o76M^aisxR^5itisy. si+isofca^ 
xR^fflONT. nis\mmLRa^±mi.. ±fitL,tznimm 

3) o 

[0 0 8 5] I^SBaP2 0 8li. ^ffl[51J^4 O b ^:^>L 

aiaxR^sitisy. sit^ofcaisax R^M*nm 

ffi^fiEffi2 o 9^a3^-r^> (XT^»y:^S 2 O 2) « Him 

if«±fieap2 0 9tt. i5j^ffl5 2 0 8ANt>ascxR^act 

10 S^+B5^ofc^i^XR^ffll^T. ^^Anlt^Ra^^ 

fiJcL (Xir^y:7''S2 0 4) . ±idc UfcM*nti«l R a 
«Kt*aJ2 O 3-vaj;t,-r^ (X^^y^S2 0 5) » 1t« 

Kfe*fiP2 0 3(*, f^inlf^Ra^sitisiy (xi^*y:/s 

2 0 5) . S(tl5ofcf^^intt^R a ^ffllNT. m^^-^ 
[0 0 8 6] (2) m2(DSEff^« 

Bt-^ifi«->x^Ai <Dm2<DSEfi^fiii<t Lr<r>Bt-^iam>' 
20 tt. El 1 O fcsF-r <fc o iz. iHigiSIS 1 o c ao^sfg^s 

2 O cANi^fiifiJc^tt^o 

[ o o 8 7 ] il^it^a 1 o c JSiU^mmm: 2 O c (i . 

H'eti. ^mJ^r^^mm^^ o:r 

1 o c (i. nimmm±f^B 1 o 2 :&u:j^^tap 1 o 6 /eft 

^T. nmmm±fisim 102c ati^iimsp 1 o e c ^fig 

;^ru>^o ^fz. SfI^S2 0ctt. It^P^^SfS 2 O 3 

&u;sfSfiB2 o 1 fcft^r. mffiRS^*«P2 o 3 cjslUSi 
^tfiP2 o 1 c ^mxxi^^. 

30 [00 8 8] f^ttJltai^fifefflJ 1 0 2c. i^^tftJl 0 6 

c. 1fffiR%*«B2 O 3 cat):SfS«J2 O 1 ctt. -t:h.^* 

tLnmmm±mm^ 02. it^msm oe. it%ii$££8P2 

1 O 2 c{*. ±i5JcLfc<^*nfS«Ra^i3|«api O 6 c->. 

[ o o 8 9 ] i^^ggp 1 o 6 c nmmm±m:m ^ o 2 

cA^t>f^*D^f^Ra^S^+lSy. Sl+lSo/c^^*Plt«R 
a ^-<>^— h3 O^^LT. »iSS^S2 0c^i^ 

40 fs-r-So s^ap2oic(i. iiii^si o c6Mt>-f >^ 
— ^^^y h3 o^tn-ur. nminmRa^SiiMi^. ^iBL 
tzinmmnR a ^ts«i^^$P2 o 3 c-Na;b-r'6o 

[0 0 9 0] 1Sffi|l^*«!I2 0 3c(*. ««SP2 0 1 Ax^, 
#ttl1t^R a ^SltlSy. SltlJZofcf^toti^R a ^ffl 

C O O 9 1 ] U^s. Bt-^ilf§vXi^A 1 c (Dift^tf*. 0t 

50 ■%i®<I->;^7^i^ 1 (D®i^^<i:i^t^r'i^^co'e. ccriiffi 
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mjk^^'ij^tLx^mr^. f**Dif si^fijcfip 1 02c 

1 06 c(*. ftttllf ffi^fiRfflJ 1 O 2 cANt»Mttl1S^Ra 

2 2 2) o 

[0 0 9 21 S«aP2 0 1 ctt. iSISiSSi OcA^<bY 
>-S»-^*y h3 O^tn-LT. f+*Oli«Rat^S«L. S 
{ILfcf^tolfffiR a ^mm^^f^2 0 3 c-^H^ti-t^ 

(XT^y:^S2 2 2) o lil^l^^fiP 2 o 3 c (*. SiiaJ 
2 O 1 A>it>MftlttfflR a ^actgsy (X^>y>^S2 2 
3) . «J+Blo/iiftttHi«Ra^fflt>r. fg^te^ltffi 

A^^>^-^:S:m' ^^fig-r^ (X^»y^°S2 2 4) « 
[ O O 9 3 ] (3)^3 (DUUm 

2 O dA^^,m^l!c^?ttSo 

[ O O 9 4 ] i^^^S 1 o d S.t>*S;^^^S 2 O d (i. ^ 

1 o d fi. nisimmi±f&u 102. Bt#<baiJ 1 o 5 ^tt; 

1 o 6 fcft^r . i-^im^m.±f^n 1 o 2 d . et-^ 
^bgp1 o 5 d:RO^i^iigp 1 o 6 d ^iig^ri>'6o 
^mmm. 2 o d i&-^^b«p 202. it «ii3(£«is2 o 3 

&t;SfSaJ2 O 1 fc-Hi;^r. ^^itm^O 2d. m^RIi^ 

*sn2 o 3 dst>*sf^fiP2 o 1 d ^^ii;^r^^^o 

Co 09 5] f^Anm^^iSfiPi 0 2d. Bt-^^bfipi 05 

d. iHiSSPIOed. %^1t«132 0 2d. 1tfilB$££«iS2 

o 3 d Sl):«ffiS|J2 o 1 d ^tt-r;h,f^ADlsai±fi5tS|5 
102. Bi-^^bSP 1 O 5 . il^ftSP 1 O 6 . S-^-lbSP 2 o 
2. 1tffil^*fiP2 0 3 2i0^3g:fISP2 0 1 

[00 9 6} M*Dm ^±fiSc«J 1 0 2dl*. f^Jotf^Ra 
^^fiScL. :^fiJcLfc<^ADm«lRa ^Bt-^-lbSiJl O 5 d-^ 

ai:^-r Bt^-fbsp 1 o 5 d tt. f+*nm«^i5Eap 1 o 2 

dA^b^ttom«Ra^Sttl5^y. S<t?SofcM*Dlt#R 

a rz0t^T;u=f uXA^jSLT. 0t-^^b^^Jtam^E (r 

a. Kp. r2) ^^fiJc-T^o CCC, r 2 r tm 

«a)assr'3D«»o -^fc. ^HELfcPt^ibf^ttitiaiE (r 

a . K p . r 2 ) 1 O 6 d ^^t^^t^. 

[0 0 9 7] i^mSP 1 O 6 d (i. m^^tn T O 5 d A^ ^ 
Bt-^ibi^^nlf^E (Ra, Kp. r2) ^SltBSU. S 
(tiSI-^fcBt■^^b^^ttI1f«E (Ra. Kp. r2) 

h3o^:^^LT. S:ii^S2 o d'vi^m-r^o 

Sflfili20 1 d(*. Sm^S20dA^b^>^— :^'y h 

3o^:n'Lr. m^itnnmm^ (Ra. kp. r2) 
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^SiSL. SfSLfclI&^^bt^^n1f«E CRa. Kp. r 
2) ^S^^bgP2 o 2 d-^tii:^r>5o 

[O O 9 8] ^•^^bfiI52 O 2 d I*. S<lfin2 O 1 d ;{)m^ 
B&^^bf^Jtnm^E (Ra, Kp. r2) ^SltlSiy. S 
H^-Dfzm^itniBmmB (Ra. Kp. r2) irffi^ 
T;U=f UXA^JgLT. ^-^#*Olf^D (E (Ra. K 
Ps r 2) . Ks) ^^^-r^o ±^\^fz'lSL^\^ 
ttltB«D (E(Ra. Kp. r2),Ks) ^^^1^* 
aP2 O 3 d^tti^-r-So 
10 C O O 9 9 ] ft 2 O 3 d r*. m-^^bSP 2 O 2 d 
A^'^>S-^^^ttltg^D (E (Ra. Kp. r2). Ks) 
^SltlSy. Slt«tofcfg^#*n1tl«D (E (Ra. K 
p. r2) . Ks) ^fflt>r. (g-^e^ltffiD (E (F 

(m. Ra) . Kp. r) . Ks) A>t>ffi-^Xm' 

1 d(Dai^) Bt^iSei^Xi-A 1 d 
<7)ift<^fCOl>r. Hi 3fc^-r:7P— ^-V— h^ffll^r 

[oi oo] ^^^o. Bt-^ia^-^xirAi dcnnmt.^ B& 

20 -^iifSe^x^ixi (DS6f^i:^«r'fcS<DT?. ccrMiffi 
iS/^^+'i>^U-C8J4q^-r<bo i**n1f ffi^fiEfip 1 02d 
(i. -(^tolt^R a ^^fi£L. ^fiJcLfcj^ADm^iR a ^Bt 
^-(bSJJi o 5 d^ai:^T^ i7.n- vZfS 2 4 1 ) o Bt-^ 

^bgp 1 o 5 d nm\nmL±^m i o 2 d ANt^^Anissi 

Ra^S(tl$iy. aitlSo/cf^ftnlf^RafcBf-i-Tyurr 

'JXA^JSLT. Bt-^^b^^AP1t«E (Ra. Kp. r 
2) ^±liJtU. :^f«L./iBt-^^b<^ftltg«iE (Ra. K 

P. r 2) ^iUfSapi 0 6 d^tti^-r^ (XT-»y:^S2 

42)0 

30 C O 1 O 1 ] i^^ggp 1 O 6 d tt. B&■^^bfi^J 1 O 5 d i6>ib 
Bt•^^b^^AD1S«^E (Ra. Kp. r2) ^gCtffiiy, S 
H^-otz^^itnn^mmE. (Ra. Kp. r2) 

^-^^^y h3 O^t^r-LT. S^g^S2 0 d-vi^^f-r^ 
(X^*y >'''S 2 4 3) „ Sf§9P2 O 1 d S<g^S2 

o dAN^b-f ^-S^-^K^y h3 o^^ur, B&#^bftJn1S« 

E (Ra. Kp. r2) ^S«U. L fcB&^^bMAO 

m«lE (Ra. Kp. r2) ^ffi^lbSP 2 O 2 d ^^^ttl* 
-r-S (XT y^°S 2 4 3) o 
[0 10 2] «^<baP2 O 2 d(*. SfgSP2 O 1 d ANt> 

40 n%Atnimmm.E. (Ra. kp. r2) ^ft»+ffity. s 

ItlSoytBt^lbf^^Pti^E (Ra. Kp. r2) (C^-^ 
7;U=ry XA^jSSLr. m-^f^*Dlf^D (E (Ra. K 
p. r2) . Ks) ^^filcL. ^RJcLfcffi-^i^JtatfffiD 

(E(Ra, Kp. r2).Ks) ^ff SlR^iSH 2 0 3 
6^\hti-f^ (Xi^^y:7'S 2 4 4) , 

[0103] m^fi^^S 2 O 3 d (i, m-^-lbSU 2 O 2 d 
jft^^^-^^^ADlt^D (E (Ra. Kp. r2). Ks) 
^SI+BSy (XT-y:7''S 2 4 5) . Sftl5ofcffi-^ft*D 
(E (Ra. Kp. r2) . Ks) ^ffll^r. ^ 
50 ^IS^m^D (E (F (m. Ra) . Kp, r) , K 
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s) ANf,ffi^:SCm* ^±f^t^ (xT*y::^s 2 4 6) o 

i^ADit«ia)ifff^eij. *s^if«iF (m. Ra) u^omm 

(m. Ra) M^moumm. :sLXSHiximmL^^m-ri>fz 
a) m^mommmo'y-^. mi i Rafc<fe^ig^m««o 

mai^jitt. Bt-^ilfSe^x^A 1 . 1 b - 1 d ^::*5t^ 

[0 1 0 5] ^fc. CCOafC:jFT<fc^lC. ^^mmF 
(m. Ra) lfm(7)|E}^0!la)^*.. m ( + ) Ra. m + 
Ra. mxRa mod p. BiiPerm [Ra] 
(m) . Tab [Ra] (m) J; ^(D^tii:^ 

mt. B&-^iii§i>xi^Ai b-i d^c^5t^r, mm'^m 

[ o 1 o 6 ] ( 1 ) m^mmiy:^^Jx 1 (i. ;^co<fc ^ 
iM^s^s 1 o (o—ys^t±mnm 1 o 4 r^. mmnmm i 

O 3A^^,|g^1f®F (m. Ra) ^$(tIS?y. SltlSJo 
fclS^ffiftF (m. Ra) fC/N V'^glSl ^JS L T . 
lafilh (F (m. Ra) ) ^^fiKL. ^fiELfcilSftfilh 
(F (m. Ra) ) ^iUfSSlJ 1 0 6. -C>^ — :^^y h3 

o. sfgsi52 o 1 ^iTLx. oe-^i^m-r^. 
[ o 1 o 7 ] Sfg^S 2 o (0-:^faiilg^!^Sl5 2 o 
4(*. ffi^<ban2 0 2A^t»«^ig^i«aD (e (f 

(m. Ra). Kp. r). Ks) ^Sl+Hfty. 
Of-OE-^^^I^^D (E (F (m. Ra) . Kp. 

r) . Ks) iz^s-jiyiLmm^mi.x. m^mh cd 

(E (F (m. Ra). Kp. r). Ks)) 
L. ±mLfzm^mh (D CE (F (m. Ra) . K 
p. r) . Ks) ) ^ttBcffll2 O 5--ttl;b-r'5o it^m 
2 0 51*. m^mh (F (m. Ra) ) <i:. g|l&<i|h 

(D (E (F (m. Ra) . Kp. r) . Ks) ) ^It 

[01 08] C(7)^^fcLr. ^XA<jEL<ffi-^T'^fc 

t^^t^ ^pmr^^t f}<x ^ ^ o 
(2) at^iifgvxi^Ai (*. ijJ^ajct ^fc^tfiRLrtJ: 

mm^^^ o(Dmmn1m^^ o3it. ^i^iz. Ftitm 



(13) i^ga2 002-25261 1 

24 

a) $^l«-r^o CC-e. G<Dfttt:^(*. G = Ra I I 
®G (m. Ra) ^-:^lSltt§^^Sn 1 O 4 -v-Hil^J-r >5)o 

-:&ioittiit!Efflj 1 o4(*. m^i^ttiapi 0 3 3C)^^^^m 

«G (m. Ra) t&S»tlSiy. «<t®lO fclS^^t^G 
(m. Ra) lZ/sv->D.m^^mLX. M^mh (G 
(m. Ra) ) ^^fi)tL. ^fiJc Lfcgi^fil h (G (m. 

Ra) ) ^iHilfiPl 0 6. h3 O. SilSP 

2 o 1 ^^Lr. ^nm2 o e-^^isr^o 

10 [O 1 O 9] —yj. ^fg^S2 O (7)tf ^[^*a5 2 O 3 
(*. ^h>lZ^ ±mLtzm^:Zm' JSiU^^RalZG^m 
l^r. <S^m«G (m* . Ra) ^±JitLX. -l^I^Itt 
|§li»fin2 0 4-^ai:»3^^o CCT'. tS«iP3^5fe«5 2 O 3 

I*. -biliO^ff^^Jfc^-r.*; ^f^LT. i^m^^^ Ot(0 

fiixmc^mR^^^^r^. -yj\^\^m^^2o A 

{*. IS^m«G (m- . Ra) ^SltlSy. S(+Kof- 
le^lSaG (m' . Ra) rz/\ *y '>3.ii!SE^ Jg L T . g^ 

(G (m' . Ra) ) ^^/5ScL. ^m^tzm^m 

h (G (m' . Ra) ) ^htlBcfiP 2 O 5 ^Ui^f 'So H: 

20 mm2 0 5it^ g^^fiih (G (m. Ra) ) tm^mh 

(G (m' . Ra) ) t^itlSLT. — gfc-T 'SA^SA^^ 

[0 1 lo] c(DJ;^(cLr. ^:Si:A<iEL<^"^r'^fc 
(3) BS-^T;uzr«jXA:RD:^-^T;u=r'jXAi*. Jiga 

a)Bt-l-T;U=fUXA^jSffl Ur t<fct^o DES 
Bt#^^. RS ABt^^xC-\^E IGama \ m^ij^U 

30 COI 1 1] ^fc. — :^fRl1±§l^fiP 1 O 4 f*. /N^yi^zL 

I*, ra^ii^. aj:*:t^jt. "3KftB&^" . ixu— x/m 
fflf4^<D?s^. siiiEis. 1 997rcpu<«E'<t>*ir 

[0 1 1 2] ^^>fr. vXi-A?iJffl#^«;T'-:^rsi14g^ 

^^^m-itriz. ^mmjSLXj^^mmcoiL^^mmz-yj 
40 ( 4 ) :^mm(ommxit. mmmm: i o t sfiisia 2 o 

^ l^'^ — ^t^V ^SO^i^LXmm^tlXl^^ti^ 

xt^^t<. ^ \-{z{tm^^titiii\ m-m^ 
mwii&m^utiz^ijmi^^Hxi^^tLxt^ 

[0 113] (5) ^msMit. ±t^{Z7r^ryj}iXh^t 
50 ^ ^''D^^AXIifI8ETv5';uiI^^=i>ezL — '^l^*?^ 



25 

/\— K7^>rX^. CD — ROM, MO. DVD. DVD 
-ROM. DVD-RAM. ^^{^J^=e^JUt\ (CgE^ 

e — -$! X ^ A fC <*: y mS-r i L r t <fc t ^o 

(6) ±fss.mm(omnRij^±^^mmm^'tti'etim^'^ 

Co 1 16} 

^^'X\-zmu-:p5\^\^mm^m.i^xn^m^m.^n. 
lasers: t*iifriE^:st fc-gj-r ^ ^jBf r <b s«^a35^ t. 

umM^is^mmz.uii^mu^mv.x. ig^it^^^fijc^ 

W''x^rsw\wm^MmMm:^^^mw-'^mi.x. is^m 
^^fi£LriiifSL. H^IKS^gSl®^*. HnKat-^^tis^ti 



(14) ^m2. 002-25261 1 

26 

CO 1 1 8] ccr. MSami ^fiSc^©-Ri;mJiam2^ 

C0 1 1 9] ccr% HilSB^ 1 ^fife^SI*. SLSSt^^fiE 

[oi 2o] ccr% B0IBRriS;15^^e:(i. BtJI2^:Jt:R 
^Bfilsm2^tftDtt^^^ij|^Lrs^:S:^^/ilct-^o co) 

m2<^tolt#i^^j^Lrs^3c^±fie^'5a)r'. mjiB^ 

C^SOfSi^^drgft^] 

C02J Bt-^4tfflJi o 5(7>mfiic^^-r:?p*y^gir'fc 

30 

[06] fif8SIS2 ocDl!i^^^ji^-r:7P— ^v— KTrfe 
CS7] ^til:^;i6^c^3t^rfflLMt,;^^^^^^— 3^;k7> 

40 -^ia^^vxTAi b(7)iifiJt^5F-r3fP'y<7iir'fc*o 

[09] Bt-^iifS^xX^^Al b<7)®l<^^^-r:7P — 
— hT-fo-So 

[010] B&-^SfS^>XTAl(0m2(0«$^JtLr(D 
Bff-^iHIv^Xi^A 1 c(7)*ifiJc^7i^-r3?*P'y^0r'fe^>o 

[011] B&-^ffl<Ivx^Ai c(0Sb^^^^-r:7P— ^ 
-V— hr-fe^o 

CSl 2] Bt-^iSfl^^X^Al (Dm3<D^fK^J<t LrcD 
[0 13] Bt-^ilii->xi^A 1 dOSi<^<Z)S!i<^^^-r:7 



27 



(15) 





1 O 5 






1 0 6 






2 O 1 




1 o ^mmm 


2 O 2 




2 o SiS^S 


2 O 3 




3 0 — h 


2 0 4 




1 0 1 ^:Sc8Bltaii 


2 O 5 




1 o 2 nisimm±m$f^ 


2 0 6 




1 O 3 If «ftftlffl 


2 O 7 




1 o 4 -:^isjttiiis[«c 


10 2 O 9 





2002-252611 



28 



10 



102 



101 



I OS 



1 \mmt&i 



£(F(m.Ra) 



104 



h(in> 



106 



3D 



201 



SO 



202 



E(F<m.Ra>» 



hfan) 



203 



m 1 


208 
, 


{mO 1 


«-| us: 




-204 


|h{m') 


207 




Stttt 1 



205 



[@2] 



105 



1051 



1052 



1053 



2002-25261 1 



[@1 4] 



202 



2021 



2022 





(1) Ra: 
HA 


(2) Ra: 


(3) Ra: 


(1> mllRa 


Mams^xxA i,ib-id 


(2) m®Ra 


Bft^aiiS'^t?/* lb- Id 


(3) m+Ra 


(4) mXRa modp 


(5) BitPerm[Ra](m) 


(6) Tdb[Ral(m) 



[04] 



Q 



S101 



SI 02 



S103 



U F (m,Ra) *8g-^fbS5'sm*-r « 



SI 04 



SI 05 



^wa!l-3;ti(S^fil«F(m,Ra) ICBl^T'^udf'jTrAEStSUT 
Bg^{b«S^«aE(F(m,Ra).Kp,r) t^JSr* 



tt#<bSttv ^fiS U<:Bt^^b^-&i*?B E(F(m.Ra),Kp,r> 



31 06 



SI 07 



(17) 



2002-25261 1 



[@5] 



/N"y>>a.MahCJ:-5-3l»«aUTMail h(m) t^fiSrs 


> 


f 






r 


BSSfli h(m) 
MSStfilhdn) tS-f 


JaE(F(m.Ra).Kp,r) t. 
faE(F(m,Ra,),Kp,r) 



SI 08 



SI 09 



S110 



C 



mm 





fcB^fH TabCRa] (m) 


0 


122 


1 


39 






255 


91 






S204 

r r-^ 






S205 

r ^ 






S206 









(18) 



2002 — 25261 1 



me} 



c 



0 



> 


r 


E(F(m.Ra),Kp.r) tMaffih(ni) t^SfsTS 




r 


mmm^mijv, afsufciaati h(m) tit^m^m-hn 




f 


mmtmt. tt^'ft*g-&««E(F(m,Ra),Kp.r) SSltWU. 
eWBlo fcBi^<fce^«a E(F(m,Ra,),Kp,r) (C. 

m.^1&^mi D(E (F (m.Ra,) .Kp,r) ) .Ks) t^fiST * 



SI 51 



SI 52 



SI 53 



ffi#<bSB. a#JS^til$BD(E(F(m,Ra,).Kp.r)),Ks) « 


> 


r 


mStSk^^S. . ffl«tg^«« D(E<F(m.Ra.> .Kp.r) ) ,Ks> « S U . 
S WBX^ A:S#te^(f $8 D (E (F(m,Ra,) ,Kp.r) ) ,Ks) 6 


> 


r 


*«l,;6:ffl#Xm'«-^l5l'l4B8aSB'vm*U. 




r 


S Itai r> *:ffl#5tm' /^ y -> a gSah J: « )1S» « W U T 
WafSh(m') S^ffiU. 




r 


lfc«g5ti, Maflih(m) 





5154 



S156 



nm 2002-25261 1 










Ra 


203 




[ m» 


1 









hCm) 


-■^^ 
UBS 




204 


Jh(m') 




2or 










EHSfiB 1 



M o] 



lOc 



102c 



101 



IDS 



F(tn.Ra) 



On) 



E<Ftn\Ra) ^ . 



103 



104 



hCm) 



106c 



30 



E(F(ni.lIa},K{i.r) 
Ra 



20c 



201c 



202 



203c 



hCm) 



206 





204 




|h(m') 


207 









it#^ 2002-25261 1 



111) 






SZZ3 










S224 


> 










f 



II 2] 



lOZd 



105d 



101 



1--J F{nvRa) 

1 



ECF(m,Ra) 
Xp.r) 



103 



104 



hdn) 



106d 



E{R8.Kp.n> 



ZOd 



201d 



Z02d 



MM 



E<F<rTLftfl) 



203d 



h(nj*) 



206 



^204 



207 



1 



(21) 



nm 2002-25261 1 



[@1 3] 




S244 



S24S 



S246 



F^-A(#%) 5J104 AA28 FA07 JA04 NAll 



